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Effect of Titenium and of Simultaneous Additions of Boron,

Vonodiun end Titenium on_the crya?alhzntion of Gteell

by
Niemark, V. E., Peletskaya, I. B. and Entin, R. I.
e Stal, Moscow, v. 8, 1948, pp. 2u8-25k4. . '

gtudies, regretfully rathor few, of the modification of steels by small add:l.mona of
‘alloying elements indicate wide possibilities of influencing primery and aeconde.ry
crystallization of & wide range of e.lloys (steels).

The work previously done (Refs. 1 and 2) permitted to bring to light the influence of
boron end venadium on crystallizetion and kinetics of isothermal heet treatmcnts in
steel; the most effective were small concentrations of boron (up to .06%) and varedium
(up to .2%). The next step in the work was the present investigation of the influence
cf smell additions of titanium and additions, simulteneously, of boron, vanad.ium and
titanium on the mode of primary crystallizetion of steel and on the kinetics OB the

igothermal transformation in austenite.

The addition of small amounts of titanlum 1s used in industry primarily to reduvce the
dangers of overheating, to laprove deoxidation and degasification of steel, to obtain
a dense end fine primary structure of the ingots, ard to some degree to improve mecho.ni-»

cal properties.
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Investigation of the effects of smell additions of titanium on the propertles of steels
was done by other investigators. Insofar as the hardeénability of the investigated
steels 1s concerned, the results were scmewhat soniradictory. This apparently can be
explained by the different effects that titanium has when it 1s in solid solution or
when it i3 present as carbilde or nitride.

Effect of small Additions of Titanium on the .
Structure of cest gteedl ‘

The steel was made.in a 30 kg. capacity high frequency furnace. The raw materiels con-
sigted of low carbon steel conteining 1% cexbon, .38f manganese, +03% phosphorus, .03%
sulfur, .1% copper 5 «06% nickel » and capt iron containing approximately 4% carbon, .15%
mangenese and .06% silicon. The heats were deoxidized with ferro manganese and ferro sili~
eon. Just before tapping and for couplete deoxidation .02% aluminum was added to the

furnace.

When steel was to be mede with additions of titenium, at first the heat was made without
any additions, then some ferro titenium was added to the furnace trying to get & steel
with approximately Q1% titanium. Then the next ingot was cest with increased Sitandum,
etc. In such & manner from one original heat were cast from 6 to 9 ingote with different:
concentrations of titanium. Two kinds of stedl were propared. One containing J45-.55%
carbon and the other with .8-1.0% carbon.

The silicon wos about .30-.40%, manganese from :50~.884, titanium from . 1=.30%, accord-
ing to caléulations, snd from .003 to & maximum of .05 agcording to enslysia. In
stocl of lower cexrbon content, i.e. 0.45-0.55%, silicon was about the same, mangeness
about the same, but titanium, accordiang to chemical analysie, varied from .08 to as high
as .31%. The ingote were forged between 1000-1100°C into rod of about 16 mm., in dia-
meter vhich were then annealed. The method of studying the auetenitic grain of primexy
c(:z'yatnl:)gization end the method of metellogrephic analysls have been deascribed bhefore
Ref. 2).

Small edditions of titanium, up to +03%, have little effect on the cheracter of the
fracture of the ingot. The fracture remeing lopge grain elze with a rather pronounced
radial’ crystellization very much like in steel without any additlon. When the concen~
wratlon of titenlum is increased to .038§, the redial chexracteristics of the fracture
ere somewhat loss and with .O4S% titeniun they disappeared, but the grain structure was
not much smeller. It is only when titeniun is increased to «1~.3% that theﬁ:ad:!.e.l type

of erystellization 1is completely gone end the fracture shows s very fine grain.

Semples were teken from the above ingots for metallographic investigation and after
proper preperation etched with persulfate of emmonia. The etched-out microstructures
were not in agreemsnt with the observed fractures.

-Next; metalid@gpnicg, ao.gnples were etched -with-the reagent: of ‘Oberhofer. Small congantra-
‘tlons of titenlum, wup to .03%, heve no influence on the dendritic, structurey With.

edditiong of .04, Litanium dendrites become quite thin and a different strugture makes
its appearance in the form of "ghost ~1like’grains. With «1% titendum -the -elongated

dendrites diseppeoxed.

i

The same ssmples were used to study the austenitic gradn sdze Of the primery crystalli-
zatlion and seperation of ferrite during cooling. Additions of titanium- obviously have
o significant influence cn the size of the austenlitic grains of primary ‘crystallizution,
In castings of 45 mm. ddametex, containing .10% titénium, instead of long, large graiis
extending from the periphery to the center (usually found in steels without titanium)
the grains eppeared to be equiaxed and much smaller.
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/- the concentration of titarnium is increased, grains about the same size as: in steel
without titanium are found in the beriphery of the casting. In the central part of
the casting a considerable separation of ferrite is noted which somewhat interferes
with the determination of the grain bounderies. ‘

With additions from .0Ll8 to .Ok% titenium, the grain size is much smaller than in
steel without titenium; increasing the titanium content to .08%, the grain size becomes

even smaller.

The effect of additions of titanium on separation of ferrite during cooling ;!la also '
quite pronounced. Even with .0l% titenium, the mmount of ferrite in the co.st;ing is con-
slderebly increaesed in comparison with the steel without titanium. At the some time, ‘
end in addition to the small graing of ferrite in steel with titanium, one also finds
rather lerge earens of ferrite. As the concentration of titanium 1s increased (.038 to
.O46) large segregations of ferrite are visible throughout the whole field. With a |
titanium content of «087%, the amount of grains of ferrite i1s greatly 1ncreaa:ed and

they are equally distributed throughout the cross section. ‘

Influence of Small Additions of Titanium on Kinetics of the
Isothermal Traneformetion of Austenite

Invegtigations were carried out on eutectold and medium carbon steels at ’oemppz'a._tureu. ‘
of 360, 450, 560 and 620°C. In the first heat, serics B, we hed steols with guncentrates
of titenium no more than .06%. The second heat, series V (Kusoien "V") gontained up to
22% titanium, and the third hoat, cories G » the titanium contalned was from .OW up to
.+31%. The kinetics of the ipothormal troncformotion of wugtenite wera rollow¢d by moethodo
of meueuring herdness and studying the miorostructure. The somples wore heated in smldt .
bath at 920°C and held at temperature for three minutes., Thuu Lngy were raplidly trange
forred to a lmed bath, were held for different times, and quenched in water, \',I.‘ho tine
of holding in the leed bath was changed depending upon the rapldity of the transformation
of austenite at & given femperoturec. Samples from dlfferent geries were heat \treo.ted} at
the same time followed by microstructure study and herdness determination in Rockwell. C .
using a 150 kg. load. During holding in the lead bath, sustenite changes, upon cooling
in water, into martensite. In such a manner the microstructure and the'chtmge:a in the
hardness of the steel indicate the rate of isothermal transformation of austenite. Study
of the curves showing the dependence of hardness of steel B upon concentrations of :
titenium at different temperatures of isothermal decomposition (Fig. 6) show tpat titanium
.in emounts of .003-.006 somewhat lowers the atability of austenite. Asg the titenium ‘
concentration reaches .02~.06%, the stabllity of austenite is considerably increased in
comparison with the same steel without titenlum. At all temperatures of trans: ormation,
the most noticeable effect tekes place with .05-.06% titanium. The studies of| the micro-
structure fully support the resulte which were observed by measuring the herdness (Fig.7).

In Pig. 8 is shown the dependence of hardness of steel of Series V upon amountb of

vltanium. Additions of .Ok% titenium results in increased stobllity of .citenite which
reéaches & meximum in steel with 1% titenium. However, further increese in addition |

of titenium, up to -17-.22%, results in a considersble lowering of the stability of
eustenite. Apparently in the above concentrations titanium combines partly with the
corbon and restricte the growth of secondary austenitic grains. Curves showing the ;
-relation between herdness of steel or series G end amounte of titanium at different teme :
peratures of isothermal transformation (Fig. 9} permit the conclueion that in oteels with
mediun carbon content additions of «07~.1% titenium result in a noticeable incnease in
the stabillity of austenite. Increesing the titenium content to .16-.21% speeds up de=
cumposition of austenite. In order to study the influence of the temperature of reheate
ing for herdening on kinetlcs of lsothermel trensformstion of austenite in steels with
small addltions of titanium, measurements were made wilth the temperature of reheating
(vefore lemd bath) . . . -t 920-1020°C, &nd with isothermal trensformation at 450~

620°C (Pige. 42 ad JL,. after igothermel trensformetion at L4500C and quenching from
920°C, the maximum stability of sustenite wes obgerved in steel with .095% titanium;
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in steels with .16-.21% titani v (he stebilite o Seeriioe ngoeonsldertbly lover. Howe
ever, with the herdening tempei.i, Gonlelodhe gar cemierature of isothermal
transformation, steel with «1G5 Giteniwe does not show lowering of the stobllity of
austenite. Analogous results weye reeelved al'ter isothermel transformation at 6209, 1In
fact. o steel with 164 titaniwn shoved someuhet grester stability of custenite.

ol ALEIYG e e

Apparently as the temperature of ruenchigg is inercused, grecter Laounts of titenlum

€0 into solid solution. On the basis of & number of observations, it iy possible to ex-
Plain the inecrecse in the stabllity of eustenlte by the inf'luence of that part of the
addltion which oes into solld solution, Ghat pert of the addition which remeins in the
steel in the form of widlssolved compounds aets Lovard lovering the stebility of eustenite,

The above deseribed deta SBuguests the edvisability of addlng to gteel betveen SO5 = L8

titepium in order to improve the struvcture of' primoyy crystellizetion and achieve greotoey
otability of augtenite.

Combined Influence of Small Additions of Boron,
Vanadium and T1tenium

Small edditions of boron , vanadium and titentium congiderably improved the hardenability
of steel in comperison with the seme smounts of such elements as chromium or manganesec.

The moximum or "absolute" effect of such esdditions ig limited by their very small (opiimum)
ecncentrations, namely, for boron :003%, for vanadium +05-.06¢ and for titenium «Q9=.9%.
Adding to steel amounts in excesa of the Just mentioned optimum does not further improve
hardenerablility, but in fact is definitely detrimental, luring the studies of the
influence of gmall additiore, such es above 5 on kinetles of isotherual transformation of
austenite, 1t was establiched that additions of boron, vensdium and titanium are different
at different temperatures, For this reason il was thought advisable to study the in- '
fluence of emall additions of boron > venadium and titenium on the structure of pPrimary
erystallization, on the kinetics of lsothermal transformation of austenite, and harden-
ability. The steels for these series of experiments were made from the same raw materials
a8 the above described steel with addlitions of titanium. After the first heut without
any additions, some ferro huron was cdded and the gsecond Ingot made. Juat before casting
of the third heat » some ferro vanadium was added » while the concentration of boron was
held the same. Finelly, Just before the fourth heat was masde » titenium wos added , maine
taining boron and vanadium in the same amounts ag before. The experimental results show
that simultenecus edditiong of boron and vansdium do not further increase thetir effect

of refining grain size of primary erystallization, when such effect iz compared with that
of the mentioned elements sdded eeparately (7); the separation of ferrite with simultone-
oua addition of .06% vanodium and .003% boron appeers to be intensified.

The influence of simultaneous additiong of boron, varad .um and titentium on the propertieas

of the steel were investigoted by methods of mesasuriry aardacss » 8tudy of the microstruce-
ture and magnetic propertics, .

The concentration of boron of .003% ond vanadium of «05-.06} were first studied and then
it was found thet addition to the shove of .1% titanium Proved to be ineffective. In
Figure 13-A 1s shown the relation betweer hordness of ateel J and various additlons when
isothermal decomposition of sustenite wos done at L50%. 1In Flg. 1% the magnetic studies
are shown after the some treatment. Addition of .003% boron conslderably reduces the
rate of' decomposition at 450°C, Arter further additions of less thon «056% vanadium ere
made, quite opposite results were wexpectedly observed, that is to say, the rate of de-
composition has been inereased; Tinally, still Purther addition of .035¢ titanium again
considerablg lowered the rate of trunsformation. When decomposition of austenite is
done at 570°C its stabllity ig gradually increnged from steel J=1 to steel J-L (Fig.
13-B). Thus, 1t ig observed that adiltion, one by one, to carbon steel of amall amounts
of boron (.003%), of vanadiug (.05=.0(%) and titenium {+03-.04) has proved to be a very

effective method to improve the stabllity of austenite et different temperatures of
isothermal decompositicn.
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Additions of the above elements in certain combinations also materially increase the
herdenability of the steel (Figs. 16 and 17).

CONCLUSIONS :

a. Additions to carbon steel of small amounts of titanium, about .03-.04% and up to
+1%, chenges “he structure of primery crystallization,of the steel, namely, elimine-
tion of strung out cryctallization and causes refinement of the austenitic greins
of primary crystellization. Somewhat greater additions of titenium, up to .3%,
act in the same direction but with less effectiveness.

(1) Additions of titanium within limlts of :02-.1% considerably improve the
stability of austenite at various temperatures of deconposition. Greater.
amounts of titanium result in rapid lowering of the stability of the
auvgtenite.

(2) Meximun hardenability of the steel is achieved by adding .09-.1% titanium.
In the manner above described, verymmall additions of titenium improve the
structure of the cest ingot and improve hardenability of the carbon steels.

b. Bimultencous additions to cerbon steels of small smounts of boron (.003%), vansdium
(.05-.06%) cnd titanium (.03-.04%) result in improvement of the structurs resulting
from primaxry crystallization of the ingot and in considerable improvement in the
stebllity of the eustenite and in its herdenability. The addition of the obove
mentioned coumbination of three elements increases epproximately two times the
hardenebility that is chserved with addition of «003% boron, only.

COMMENTI AND EVALUATION

A reasonably good paper for 1948 but not very comprehensive.

6. The effect of titanium edditions up to 0.4% on & eutectold-carbon steel and up to
0.5% on a medium~cerbon steel was studied in respect to structure, grain size,
isothermal transformation and hoerdenebility. Small aedditions of Htanium refined
the structure and incressed herdensbility. Maximum effectiveness was found in
the renge up to about 0.1% Ti in the steel.

®e Four small ingot of a medium-carbon steel wers studled to determine the effect on
atructure, isothermsl transformation and haxrdenability of small additione of boron
&lone, boren plus vanedium, and boron Plus vanadium plus titaniwa. The combination
of the three elements gave about twice the hardenability that wes obtained with
horon alone.

The results obtained with small titenium additions are more or less in line with investie-
gatlons elsehwere. As pointed out in the introduction » the effect of titanium on
hardenability varies conslderably as a function of the amount of titenium in solid
solution end the smount present as undigsolved particles (meinly carbides and nitrides).
Neymark, Plletskaya and Eatin have done nothing ©to evaluate the actval effect of titanium
a8 an alloying element since they have not determined the nitrogen content of the steels
nor the form in which the titanium was present. Moreover, the end=-quench hardenability
curves do not include e titenium-free steel for compaxrison 8o there 1s no way of calculete
ing the quentitative increase in hardenability resulting from the titenium. The results »
however, appear to be more simller to those of Crafts and Lamont than to those of other
US investigetors nnd to Grossman's Proposed curves based on all these US regults.

25X1
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G. F'. Comstock, S. F. Urban and M. Cohen: Titanium in Steel, Pitman
Publishing Corp. (1949) f

W. Crafts and J. L. lamont: Effect of Some Elements on Hurdenability.
TAIME 158 (1944) pp. 157/167; disc. 1LB/156. , ;

M. A. Grossmann: Elements of Hardenability. ASM (1952)

3. Boron sdditions in the US have been made either with ferroboron or with one of the
"complex" alloys. In addition to boron, titanium in amounts from about 10 to 20% is
pregent in all the complex alloys except two (Borosil and Bortam), and these two are
sometimes considered as more in a class with ferroboron than with the other complex
alloys. Two of the complex alloys also countain vanadium (Grainal No. 1 and No. 6);
Electro-metallurglcal Corp's Silvez, which likewise contained titanium and varadium,
has apparently been discontinued. The complex alloys have usually been.preferred: for
boron additions to low-carbon steels (under about 0.3% C) and for electric-furnace
Bteels. Almost since the time!vhen the effectiveness of borom in increasing harden-
ability was discovered, there has been much discussion and many rapers on the relative
virtues of the various types of addition agents.! Perheps this controversy can be .
sumned up somewhat as follows: f ’

&. In medium-carbon steels, such as the one tested in the Present investigation,
little Qifference hes been found among the various types of non-vanadium contain-
ing boron-additlon agents in commerciel heats provided a satisfactory rreliminaxry
deoxidation treatment was used. One of the muny references that might be cited is;

R. A. Grenge, W. B. B;eens, W. 8. Holt and T. M. Garvey: Effect of Boron and

Kind of Boron Addition Upon the Properties of Steel. TASM 0) PD.

H 8c.

. When venedium-containing nd&ition agentas are Eueed, the over-sll increase in horderi=

a.b';.li.‘hy is greater because of the contributi;n qf the vanedium.

. An influencing factor in determining the offectivencss of boron i1s the nitrogan
content of the stool. Whan,"tho nltrogon excecvds the small amount normally found
in opan=henrth steels, it can neutralize the boron. Digges and Reinhaxrt, for
example, found that nitrogen interfered with the boron hardensbility effect, or
nullified it eltogether, 1:t‘§‘the nitrogen oxcesded about 0.007T%. The boron effect
was restored hyv tha addition of titanium (zirconium hos & similer effact) to
noutralige the excres nitrogen. Therefore, the role of titanium in complex boron-
eddition sgents is upually considered in the U3 te be Primarily e denitrogenizing
sgent (as well as a deoxidizing agent if Preliminery decxidetion was not complete).

T. G. Digges and T. M Reinhert: Influence of Boron on Some Pr ortliean
off erximental and Commerci&l Steols. RP 1915, J. Remesxch B o
8 Bg EE?WTS TP, Of/L131. : :
Ts G. Digges aand F. M. Reinhaexrt: Influence of Nitrogen on the Hardenebilit:
- and Notch Toughness of Boron-Treated BLteels. TASH 5O (1558) 1p. II?E;MHS.

4. fThe results obtained by Neymark, Piletskaya end Entin for boron and vanedium eppeer reason-
able. On the other hand, the obgerved effect of titenium is probably the resvlt of 1its
denitrogenizing action rather than of its influence as an elloying element. The fact
that nitrogen contents in small induction heats (as used by them) ace generally slgnificantly
higher then would be found in large open-hearth heats, would tend to gsupport this idea.

5. There seem to be some errors in the translation. For example » Peragraph number 9 on page
2 of the translation corresponds to the paragraph stexting at the bottom of the second
column on page 248 of the maper. The translation reads:

25X1

L
CONFIDENTIAL) 25X1

Approved For Release 2003/08/08 : CIA-RDP80-00809A000500270106-2




6.

Approved For Release 2003/08/08 : CIA-RBF5’§?1-00809A0005002701£g-)%1 _

COM."‘IDENTIALI

"Semples were taken from the sbove ingots for metallographic investigatiori
and after proper preparation eitched with persulfate of ammonia, .The etched
25X1 out micrastructures were ot in agreement with the observed fractures."

translated this Paragraph as follows:

From these specimens were prepared metallographic sections » which were
etched with ammonium Persulfate, The macrostructure developed agreed
with the fracture characteristics.

The differences between "microstructure" and "macrostructure" and "not in agreement"
and "agreed" would appear significant. ) . . .

Flgures 15 through 17 do not confirm the authors' conclusion thet the simultaneous |
addition of boron, vansdium and titanium 1o twice as effective in increasing harden-
ebility es the addition of boron alone. A rough calculation of hardenability factors
(with a D) baged on the Rockwell C 50 used in Figure 17, which would correspond
approximately to 90% martensite in these steelp) shows the herdenability fector for .
the boron addition.alone to be sbout 2; for the triple addition, about 2.,4. A boren )7
herdennbility factor of 2 would be about normal for this steel on the basis of Rehrer
and Armetrong's relation between boron. herdenability factor and earbon content, The
factor of 2.4 10 gomewhat higher than would normally be expected from boron alone,

This may be the reault of a normal statistical variation » or of & denitrogenizing effect
of the titenium ag discuswed in D3 above. Tho effactivencas of the triple addition,
hotrever, becomes greater when the herdensbility factcr io based on & lower herdness
{lower Porcentege of martensits), but even here it is not twice oo great as that of
boron. Por exsmple, on the besis of Rookwell € 45, or about 50% moxrtensite,” the

fuotor would be 1.8 for boron alone » ond sbout 2.4 for the triple eddition. At laast
Port of thie d4ffurence can be accounted for by vanedium as disousmed in Da.

G, D. Rahrer and C. D. Armatrong: The Effect of Coxbon Oontent on the

Hu'denabilttx of Boron gteels. TAJ PDs } [T

L - '-'ﬂ")" RO RIS L
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" HCCNIeNOBAHHE BIHAHMA

' Bausnue Twraﬂa n COBMECTHLIX H0OGABOK 60pa,
Bamnuﬁ ] Tmaﬂa Ha kpMCTaJIJmsaumo cranm

MoAy, odbncuﬂeTcn pa:umqubl\( IeficTBHEM THTana n
TBEPAOM PacTBOpe ‘i ero Kapbumos (HHTPHAOB),

Mausic doSasxu- surana ;/Aquwamr CTDYKTHON nep-

1 Kpucraa 1 i'craAu u4 po-

we o RUTG npoxasugace

socre. Baed KoMb x ataavix Adoba-

sox Gopa, eanaduf u TUTAHQ .OdeT euie (5¢uuum1

s¢dexr.. Iaaysennvie daxnvie o06ae2xaior, payuo-
‘HaAbund nodBop modudunupyouux Ge6asox.

Y
uayx .B. E. HEHMAP
KASl 6 kand. mexs.
. H. SHTHH .

Kand. Pus.-mam.
‘gnxc. H. B. IIMJI
nayx P

(Mucruryr merannoduauxy HHHUHUM)

n puMepn (K cOXaJjeHHlo, HeMmHorodscJjenHue ')
‘MORHQHIHPOBEHHA CNNAaRoB MahbiMpy Ao6aBKaMmu
YKasnBaloT Ha mupoxue BO3MOXHOCTH Boaneﬂcrmm
3THM CMOCOGOM Ha KPHETRJUIH3AUMIO H nepexpucmn-
JH33IHIO CILIABOB.

TpoBenenntie. HaMH panee pa6oru i1, 2} mmu BO3-
_MONHOCTb BHISIBHTb BIMSAHKE NO6aBOK Gopa' u Bana-
"IMs HA KPHCTAJUM3AIMI M KMHETHKY H30TEPMHYECKO-
ro npespaileHis CTaJH,
Manbix KoHuentpauusax (ao 0,06% B u mo 0,2%. V).

CnenyiolliM 3Tanom - paGoThl ABHJIOCH - HAcTosiLUEe

KOMIUIeKCHRIX N06aBOK .60pa, BaHalus H THTaHa Ha

REPBH'IHYIO KPHCTAJLH3AUHIO. CTANH H KHHETHKY H30-

nepuuqecxoro rpespalileHHst ayCTeHHTa.
* BpemeHue Manablx NO6GABOK THTaHA npmxenﬂercn B

* | MPOMBILIIENHOCTH B GOJBUIHHCTBE: CJy4aes sl yMeHb-

YTYHIHEeHHA
PACKUCHEHHS! H JIerasaliy CTaJH, MOJYUCHHA IJOTHOM.
H MeJKOft nepsHYHON CTPYKTYPH H3aNOMa H HeKOTopn .

WeHHs CKJOHHOCTH CTaJH X neperpesy,

ro NOBHIIEHHS MeXaHHYECKHX CBOACTB.
Hcenenobanns BIMAHHS MaJbx HOGaBOK THTaHA 11
cBoficTea cTa/ny paHee ObIH NpOBENEHB! Pese6uonsin
n Yepxacoswiy [3] u B. nocnenunee. Bpemsi MeCBKHHbIN
u Konnom (4], a rtaxxe 32 rpauuuedt [5]; B orHo-

IEeHHy NPOKAIHBAEMOCTH CTajn NpH SToM - 6B NO-.
4yTO, nommu-'

Jydenst nporruaopequnue pesyabTaTH,

t Happmmep uoanencﬂme noGapoK ua‘rpuu HE CTPYKTypy cM-
, AYMgHa, Maruma ua CYPYKTYpy umnxa, 6opa Ha npolleccH . KpH-
CT3AMA3ANHE H NPOKANHBAEMOCTL CTANH B T. Il

'

10,02, Al

.THAYane oTJIMBaMH CJHHTOK 6en ,'106dBKH

ocobenHo 3¢ deKTHBHOE NpH

ManelX . noGaBoK THTaHa . CJENOBaHHs

Bausnue Manmx jpo06aBox THTama
Ha CTPYKTYpYy JHTOH craJm *

Crans Bunnasasay -8 30-kr nucouotmuoni'oi‘l ne-
WHL IHXTa cocrosia M3 noJsocoBoro xesesa (0,1% C;
0,38% Mn; 0,03% P; 0,03% S; 0,19 Cu; 0,06° Ni:~
CNefbl. XpOMa) M MYyryHa, CojepXaBliero HpHMEepHO
4%, C; 0,15%y Mn u 0,06% Si -Mnasky pacKHcasIM
Q)eppomaprauuem H deppocHIHLLHeM; -epen paanus-’
KQif B  neun noﬁaunmm AN NONHOro ~ PacKucIeHHun

¢ JIOGAaBKAMH THTaHA
3aTem B nevn
BBOIMIH ' (DEPPOTHTAH M3 paciera moJydeuns crain
C conepxaHieM 0,0!1% Ti, OTJHBANH cneny!omuﬁ can-

INpu uaroropsenun  cragell

T.TOK M'T. JI., TAKHM odp’uou H3 ORHOIl maaBKH orau-
* Baj 6—9 CJAHTKOB C pasnuunoli KoHLeHTpauHel THTa-

Ha. IIpH >TOM npHroTOBMAN ° nBe NapTHH NAABOK
cTanu — onHy ¢ coxepxauuem 0,45—0,55% C wu apy--
ryio —c¢ 0,8—1% -C (ta6n. 1). R ,
CJHTKH, H3 KOTOpBIX orpesanu'oépaauu SISt e
KHHETHKH  H30TEPMHUECKOTro  pacnana
aycrtenuTa, npoxopiiBanu npu 1000—1100° no amay.
18 MM, a 33TeM OTMHHras, i .
Ot60p npo6 nas HccnenOBakus aycreuumoro 3cp
Ha' MepBHYHOH KPHCTANNH3ALMK H METOMLHKA METa/IO-
rpadHyeckoro aHasiH3a CTanMoNHCaHbl Hami paHee (2],
Maunnie no6aeky tHrana (10 0,03%).'cnaGo saus-
10T Ha xapakTep Hajoma cantka. Hanom. ocraerca
KPYIMHO3EPHHCTLIM C SICHO BLIPAXEHHOIl JYHHCTOCTBIO,
KaK K B cTaou 6e3 poGasok. Ilpu nosmuienn Kon-

ueHTpauuy THTana Io -0,038% JYUHCTOCTL  H3NOMi,

yMenbwaerca v npu 0,045% Ti-ucuesaer, no crpyk+
TYpa ero He H3MEeNbYAETCS; HAKOHEW MNDH MOBLILCHIN

_copepxaHHs THTauwa no 0, l—03,,, H NPH NOJHOM OT-

CYTCTBHH JIy9HCTOCTH H3JIOM cmnoumcn MeKoaep-

. HHCTHIM, ’ ..

M3 stux o6pasuon uaroromsan  uLinbi, KOTOpbLIC

| TPaBHJH neprJIb(t)ﬂTOM AMMOHHA, BLIABJICHHASN - MaK-

* B paGore npumumana yuactae JI, . Koran.
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POCTPYKTYpa  COOTBETCTBORAAA XapaKTe-
©Opy H3JoOMOB.: o . .
. 3atem ummdsl o6paGoTaan  peakri-
som OGeproddepa. Mansie . onuentpa-
- tuTana (o 0,03% ). He oKasbBaloT
TUHSTHHSL  Ha ICHADHTHYIO  CTPYKTYPY
(puc. la); npu nobaske 0042 Ti wa-
PIALY € TOHKHMH ACHAPHTAMH NOsiBsier-
€ MCJIKAs  NATHHCTAas .. CTPYKTypa
{(puc. 16); upi coaepwauny 0.1 Ti
BLITSYTHIC JCHAPHTLI. HCHE3AOT M MNT-
HHCTASL CTPYKTYPA 3aHIMACT BCC  CeYeHne
canrka (pie, 18). Ornevarku no. Bayma-
Ny € TexX e TeMIJICTOB BLIIBHJI TaKIC
TAC M3MCHCHHS NCHAPHTHON CTPYKTYphLI,
OGpa3siwt . crany, - HCCenOBAHUBIE 1
MHKPOCTPYKTYPY, HCNOJAL3OBAAK  aaA
I3YNMCHUST ayCTCHHTHOTO 3¢pHa NepBHY-
HOIl KPHCTAJUIH3AN 1 BeUIeachuii dep-
. PHTA IIDH OXJAMACHHI CMTKA.
Hob6asku
HE HA  Pa3MepPhl  ayCTENHTHOrO  3CpHa
kpHeTanamsannn. B canrkax am. 45 MM, COACPHa-
Sax 00b% 0 TiL nvecto BLITHHYTHIX 0T nepugepin
K HCHTPY KPYUHLIX 3epen (pHe. 2a),; HaGmoaaoutixes
CuocTan  6ea 06aR0OK,  NOABIHCTCH 60066 MCJIKOC
paBHOOCHOE sepio  (pitc., 26).
C ymesiuenney KoHUGHTPauki THTaHA HA nepuge
pin (na paccrosHin~15 MM oT mentpa) naGaiogalor-

. ' . ‘. . . M - . : N
. Bausiue Tiu cosmecriioix docason B, V u Ti ha rKpucraaausayuio craau.
— S . M L] a. L

Puc. -1, BJHHII_IHC THTHG Ha ICHRPHTUYIO CTPYKTYpY:

THTAHA OKa3bLIBAIOT 3HAYHTEJILHOE BJMSI-
HEPBHYHOIT

€3l 3¢PHA TPHMEPHO TAKOTO XKC pasmepa, Kak 'Ha pHc. .

2a. B nenrpansioii 30ne cantka o6uaBHO

(heppiT, ByasHpyloulsit - rpasHubl sepen.
Hiorna | deppur  summajgaer no  mcemy ceuemnio

CJIHTKA, 9TO He Jlacer "ISD.'H\IOH(H()CT"' ULIABHTYL rpam(-

BbINajaer

et depen ame na nepugepin. Tosrom AYCTCHHTHOC .
o . . B,

SCPHO HCPBIYHON KPIHCTANINIANN HCCACLOBAN Tak-
AKE BB IPOGIX JUAM, 5 MM, KOTOPLIC OTGHPadH 1pi
HOMOUIN WHIICTKH B BPEASt @Ky | noJepram
IPAMHCHTHON 3akanke |2].

XuMHUECKHIT COCTAB HCCACAOBANNBIX CTAACH C Jodupkuﬁ THIaKa, “,, (

CTaL 6y wbanos: 6 5 0 00 Tl p o= c. Q4TI ¥ 0

Puc. 20 Aycrenntioe sepho nepsuynoil’ Kpicrasan-
. dallne B CJANTKe:
B DO i 60 o 61%s T W

v’ . - .
Oauako B8 5H-yay npobax cvasy 6¢3 106anox 3epio
Ou1o  Menee  KpYnHLIM, dey B canTkax. Bee e xi-

Tabama !

an:tupo’n Ha

© o CTanu

-
|

no
‘no ceunveny| ayannay

I n

v [ B
.Mapkupopka

cranu no
HO CUNTE)Y | gyanusy

=oe
000‘ :
CoOvnNONn=

PEr Iy 'on ~j o e
M@wao-—-sﬂ—m
oP205:;
l €00 13 et b ame

OB E I~

Scocoeooocococ

o —C
nown

Seoeocesce
<

& L3 A

CR =NV R WK =S X T e (o83 —

co
-
co &0

0.080
0,095

EE8G

ninls)
eocos
[bcco

Ehkich!
IOy
AR A AR

osoo

—RNNOLVON=O—0

SCRN

COCOOODCOoOOCO

[ RARCI Ry
St

coLoooocecoso0o0
Aumnmaw&:-—wmu-——-w:ﬁu&‘-
NCOOO =

minisisizinixielalate

ooeees

NS MM OO

=3

coorocococe
€38

lcooooeccoccon

- ;

4

P M N

e

RIS SRR NN ST U

R T

BT B R PR aRr W oo & A5

a8 mre b st = dwirare

. 5 s S e i
T e B e e T T s




250 B L. ueu.uap;cf

H. B. nu.x.ekxa.q w P. H. InTun

Ab 3

paKTep IBJlHﬂHHﬂ 11068[301( THTAHA HaA DCJl“‘llllly JQpHd
B Npo6ax TaKoli ke, KaK i B CJIHTKax. e

Mpu ssenenns  or 0,018 go 0,04%
u 3B) pa3mep. 3epHa * 3HAUHTEJbHO
crann  Ges po6GaBok - (pré. 3a); ¢
CO/LEPXKANNSA THTAHA (no 0,08%,) 7;;epuo

Ti (puc. 36
MEHbILE, Hen 1
YRCJIHYCHHOM
CTAHOBHTCH

lS H B.

B.umume MaasX n06aBok THTaHa na KHHETHKY
uaorepmuuecxoro npenpalumum ayueuura

')HI'L‘KT()HJUI()H (L(‘I)Illl
(cepust I).”
l)"()’ .

. [lpoaomum HeCeoBanie
Taba-l) M cpellHeyracpoancroil
cTaau npi TesmuepaTypax 360, 450, 560 y

S AYCTCHNTHOC JCPHO HEPBHIIOIT KPHCTILLTI GHUGE C LBt 16 Ipoday s, 5 oawe

CL ea nGani;

Codepiaruve Ti,

-
@
S
o
o)

Pue, 0 Beanunna coayerennrnioro
AEPIIL NCPBRYION KPHCTYANEL
TNOAAEHCHMOCTIC O coflepRanis Ti-
s n cavoin (reofipaGorianmon
’ craan ' ’

MCJKHM (pHe, 3ron by,
BJ"U‘HHI(' JLOOUBOK THTAND 113 Bl
JLESICHE (t)('p[)lﬂ'}l NP OXJaAaJe:

CHHM CANTKO OKAJBIBACTCSE  TaRMme
JLOBONBHO CHIILHBIM. Ve HpH Co- "
nepwRanui s crann 0,019 Ti (pues
'56) KonnaecTno hepputa B CANTKE
SHATATCABHO | YBCJHMHBALTCH 110
CPABHEHNIO  CO CTanblo 6l no6a-
BOK (puc. 5a); napsuly ¢ MeaxiMn
sepHaMy (DeppuTa B CTAAH ¢ Jlo-
GaBKOfi BCTPEHAIOTCSL yAKe H Kpyh-
HBte ero cxkomjienist  (MHKPOpoOTO-
rpadui® NOAYUCHB! Ha PACCTOSTHHY
12 MM or mepudepun caurka).

. C yBeau4eHHEM - KOHUCHTPAIHH
turana (0,038—0,046%) kpynune B
CKonJIeH st (pcppum HAGJUOAAIOTCH NO BCEMY * 1OJIIO
nnda (puc. S8 W 5r); npu conepAannI Ke 0,087

cute HoJee

Ti komyuectso deppuribix sepen cisno llOJpaCTacl + 0,06"s; o wropoii

i -OHH pd(.ﬂp(‘;’l(.‘.”)"()'l\ﬂ no lllJlH(lly
(puc. ."1). ) R

PABHOMEPHO

6—c¢ 001N

0 T e ey T 10

Howsinne turana
hepparin

Pue. 5.
i wie e e

Jlovsine
[YEYRNTY]

Qe
wepn-
.

TN (e

RO A
[T

‘B uepnoii maaske  (cepust BY nodyunan waGop ¢
JACI ¢ KOHUCHTPAIMAMy THTAIA,  HO TIPERLINTONTHAMIL
nJaBKe (coplm B)  conepmaune
THTaNa, Joxonuno mo 0,22%, uw y rperveir (cepus )
xoseGasoch or 0.04 10 0.31%. o
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KuHeTHKY, H30TePMHYECKOro NPEeBPalLCHist ayCTen -
©Ta WCCJAeNOoBasy METOMAMy H3MEpEeHHA TBEePAOCTH H
MUKPOCTPYKTYPHBIM, o
" OGpasubl  NArpepasy B COJHON pauxe. no 920+
Ii BBULCPDKUBAJIH 11pH 3TOi Temnepartype 3 MHII 3aTeM

WX GNCTPO NEPEHOCHAH B CCJIIHTPAHYIO HWJIH B CBHHLO-

1Yio BalHy, BbUIEPXKHBAJKH paanuqﬂoe BpeMsa H OXxJa-
AAAJIH B BOHE.

Bpewmsi BeUICPXKKH g npomemy'roquou BaHHe MEHSJIN
B 3aBHCHMOCTH OT CKOPOCTH NpeBpalteHis ayCTEHHTA
UpH  JLaHHOI TeMmneparype.
oGpabaThinany . OJHOBPEMEHNO,  saTeM uumdoBany,
Hceaenonany MHKPOCTPYKTYPY H onpenenﬂ.ﬂu 123
Teepmoct,, wa npu6ope Poksesta no mkane C npu
narpyaxe 150 xr.

Hepacnanutiics: npy Jlanioil BBUICPIKKE B npoMe-
WYTOUKOH Bayie. ayCTCHHT  NPeBpaltaeTcs npi nepe-
Hoce gy BOJLY B MapTEHCHT; TaKWM 06pa3oM  MHKpO-
CTPYKTYpa " lllM(‘Hl'llll(‘ TBCPJLOCTH cTaan YKaihbl-

S BIOT XOJL S30TCPMHYCCKOTO NPERPAILCHIA AYCTCHHTA.

PACCMOTPOHIE  KPUBHX  3ABUCHMOCTH  TREPLOCTH

%u'ru g BooT KoHuenTpauud  THTARA- TIPH. PUBIHUNBIX
FEMICPATYPAX  HIOTCPMINCCKOTO  pacnajta - (pHe. 8)
HoKaswsaeT, yro THran B Koauucctse 0,003—0, ,006"/u
HECKOJIBKO TTONHKAeT YCTOHUHBOCTh ayc;cnu'ra a npn
coaepxkannn 0,02— —0,06% 3HAMUTCIBLHO ‘c’c, nopLmacT
10 CpaBHCIIIO cO -cTagbio 6es noGapky Tutana, MMou

§32

T8epdocms R,
828

asel 11

g 5§ 10 15 20253085404660 560
Codep)kanue mwnaﬂa,m

Pue. 6. 3aBHCHMOCTDL  TBCPROCTH  CTAGH
copun B o7 comepxamusi THTAMa T npa
PABANUBIIS  TCMACPATYPAX M NIPORONNKN-
TCALHOCTH  HIOTCPMMYECKOTO  npehpaule”
o sy . '
600, 2 cer: 6 = 4509, 30 cer o
S0, 10 eeig T - 6200, 15 cex,

Cpeex TeMUepaTypax Ipespaulenitst 0CoGCHHO JHauiTe:
Snen spdert nobaski 0,05—0,06°/, Ti-
MuKPOCTPYKTYPHBIC  JIANHBIC. NOJAHOCTLIO NOJLTBEP-
MIAAIOT  PesysIbTaTh, HOlellCHHblL npy umepcuun
Taepaoctit (puc. 7).

Ha puc. 8 noxkasana Jdl%ll(.llM()CTb TBC[)'[OCTII cTa-

Jeit “cepun B ot COLEPIKAHKS THTAHA, BBEACHHC
0,04% Ti sgech Takike NPHBOJHT K NOBBILIEHHIO
yuuu-muouu _aycereumra, KOTopast . CTaHOBUTCSI
R L4 N . .

O6pazns Kaxaoil cepun’

Pue. 7. Bawse '”leHd Ha umnpuu-wcxoe npenpautenie nycrc
uuta upit 620° B Teucune 15 cek.:

4 can Bes e 6 -0 el Ticu e 005% TH
Fe e st CTE Lt

o
(5]

3
<

by
n

a&

Taepdocms, A,

a

& 3

024 68 107214)6!8202
Codepskarue mumana, 103 ¥

Puc. 8. .34umcuuocn. . 'rncpp.ocm crany .
> cepun B or coxepxanust THTAHA TpH paJ-
JUHYHLIX  TEeMNepaTvDax i IIDDM’”K"‘N}JI!)
HOCTH ||3orepwwecxoro npcnpnuxenun
[ m)n o ceR.t 6-'— 500, 20 cex. o —
4500, ¢O1lb.r—-uu.’io 0((1 .
Makenmansnoil B cransx ¢ 0,1 % T! OuHako paib-
nefiutec  yBeJHueHHe conepxanus THraHa lo 0,17—
0,22% ' upuBoaMT K AHAUHTENBHOMY . TIOHIKEHHIO
jycroilunsocTit  aycTeHuTa; UOBHAHMOMY TP TaKHX
KOHLLEHTPalusiX. THTAH CBA3KIBAET HEKOTOPYIO “acTbh

syriepona 3ajiepXysaer pocTt BTOpH‘lHOTO AYCTEHHT.

HOT'O BL"plld

NG SN T ReA T e W T e




oyt g
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et

=

. Kpusmie - 3asitcumocti, TeepAocti craneit cepuy I
OT COLEPXKAHHA .THTAHA NPH. PA3IHIHEIX TeMuepaty-
pax naorepmmecxox& '

OCHOBBHHE 3aKJNOYHTE, 4TO ‘H B CPEXHEYIrJePONHCTHIX

| T 1

piER=

0248810121418 ;3e0p2
- Codepkarue mrumaya, 102 %

Puc. 9. 3apucumocts TUCPAOCTH  CTaMN
"cepuu'I” oT coaepwauust TuTama nps pas-
JHUNHX  TeMIepaTypax M NPOAOIKHTENs-
HOCTH H3OTCPMHYCCKOrO npenpautenus:

Lor 60, 14 eon,

cransx mobGaska 0,07—0,1 % Ti npusoaut K 3aMeryo-
My NOBBILUEHHIO YycTofyMBOCTH ayCTeHHTa; YyBenhye-
HHe Ke conepxcanus THTawa jgo 0,16—0,21% ° ycko-
‘piier pacnan 'aycreHira, ) o

Jns’ BRISCHEHMSA.  BJHSHHS TeMnepaTypul Harpesa
NOY JAKAJIKY wia ‘KHHETHKY H3OTCPMHYECKorp NMpedpa-

eyHs  AyCTeHHTa B CTany ¢ MankiMi  J106ankayu
| THTaH3  1POBEJIH  HCCJCHOBAaHHC ¢ HarpesoM. ot
sakaiky upn 920—1020° i c. msorepmiueckOit upi-

epoKKoii Tipu 450 y 620° (puc. 10 y 11). :
Mocao isovepauyeckoit - sultepxkn  npy 450° 4
34K AJIKH ¢ Harpesa upuy  920°

ycrofiuiBOCTh  aycremHTa, nabaionacrTcs B cran

50 '

oc'45 -

s"‘o Q i

S 40—t — ™

S ! 2

R 1 e

' 2 '8 6 8 10 12 14 16 18 20 22
Codepkawue mumana, 102 Yo g

Puc. 10. Banaune TeMuoepaTypu Harpesa noj 3akasls

KY HA 3aDHCHMOCTB TBEPMOCTH CTAMI OT COACpMA*

HUR THTAHA (M30TEPMHYECKAS BHIEPKKA 5 cex. npi
© 4509):

a --gakamea ¢ 02000 6 - 1o e, ¢ 10200

© 0,095% Ti; b’ crahax ¢ 016 u 0,21% Ti  ycToiiay-
BOCTh AYCTEHNTa 3HauHTeNbHO Hie, ONHAKO npy
Harpese 0N’ 3akajky  mo 1020° (Ges nameHenns’
TeMNEPATYPH  H3OTEPMHYECKON BLIICPIKKH) B CTany:
c 0,16% Tt naneume. ycroftuupocts aycTeHHTa he
Ha6uoNIaeTC- AHANOTHYNBIE Pe3yJbTATBI 0Ny aloTCy

Lo
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npespaiugnus  (puc. 9): RaioT -

MakcHManphys -

A 3

nocJie  H3OTEPMHUCCKON  BLACPKyy NpH 620°; npst -
3TOM B g‘ranucO.lG%_Ti ‘HaG/lofaercit aXe HEKOTO-
poe NOBLILICHHE YCTONYHBOCTH aycreHHTa. _

IMosiaumoMy ¢ noshillieRHeM  TemmnepaTypst Harpe:
Ba fiofl 3aKaJKy Bce GQblIeE KonHYECTBO THTaHa
NEpexonHT B TBEPALN! pPacTBOp - Pajg AaHHBIX JHaeT
BO3MOXHOCTb  OOBSICHHTH NOBhillejge YCTONYHBOCTH
aycTeHyra' BJHsHMEM TOfl waCTh jo6aBoK, KoTopast-
BXORHT B TBEPAWA pPACTBOP; dacTb e N06ABKH, |
uaxonau;ancu B CTany B BHAeE HepacTBOpHMux coea.
HEeHHil, CNOCOGCTBYeT NOHWXKEHHI0)  YCTOfYHBOCTH
AaycreHnra. . . : :

Ha puc. 12 npusenenn . KpHBble npoKaJliBaeMOCTH
craneft cepuu I'  (mo [xoMuun),  MaKCHMaNbHYIO
NpoKkanuBaeMocTb umeer cranb I'5 ¢ 0,0959,Tj.

Hsnoxennse Nanusic 1aioT Bo3MoXKHOCTS pH3HATh
LesecooGpasHuLIM  BEefleHHE B CTanb 0,05—0'l°/0 Ti
C Uenbio yayuilleHHss CTPYKTYpPM NepBHYHOI KpucTa-.
- “HM3auHy y. NOBBILEHHS YCTONYHBOCTH ayCTelnTa.

c

CobMecTHoe aeficTBHe MagmXx R06apoK 6opa, Banaaun
H THTaHa ’ '

Masste noGauki Gopa, Banafliy y THTANA T BOJLHO
SHAYHTCNBHO -TIOBBLILIAIOT NPOKAINBZEMOCTL CTaMH. 110

a5 ] -]
0 /-
\
$25
§ —
Rao - —
. oS A
~ 20 v e |

0 2 a4 6 &§ 10 73‘13;1513
Codepkanue mumana,10~2% -

Puc. (1. Bapinse resueparypu yurpess nog'

WIKAAIKY ML SanieHMOCTL  Thepfoctt  CTan

OF COACPXanns THTaNa (430 TepMyyecKist By~
aepmka npit 6200):

LRI Y RSy F TSR R D VPOIIOZLEN T g T Ilil“h']i"

MUeCRol BeLwepe 200 cep .- e, m!lr'

' [T SN .

”

‘ [ A
o 5
& 50 J
£ 5
§35 AN 7;-
S 30
: 2 3.6 8 101574

Paccmonwue om 3aha1ernmoeo mopya s

Puc. 12. 3abucuMocTs  npOKasmpacMocTH
crann cepun I' or comepxauust pyrana

CpaBHeHHIO € R0BaBKaMH 'TCX JKe KoaHYeCTB Takux
3JIEMEHTOB, KaK XPOM Wil Mapraher,
Ho aGcomornbift sdpdiekt sTux pogasox orpanuui-,

BAETCS uX pecbMa MaJsolfl onTHMANLHO{ KOHUeHTpaLi-
et (uns Gopa 0,003%, mas, pawanus 0,05—0,06 2,

- as tarana 0,09—0,1%). Beenentte s crank no6asok,

g C et |
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NPEBLIIAIOHX ONTHMANLHBIE, He TONLKO He', IPHBOMHT
K AajabHelleMy yAydlIeHHio cBOflcTa (HanpuMep mpo-'
KaJuBaeMOCTH), HO MOXET 3aMeTHO HX - YXYAWMTL.

Onnako NpH' HCCJIEIOBAHHH BIHAHHA MajtX 106a-
BOK ' H2 KHHETHKY H30TEPMHHECKOro  npespalleHis
ayCcTeHHTa 6hlJI0 YCTAHOBAEHO, YTO AeficTBHe 106aBOK
6opa, ‘BaHaAssIgH THTAHA HEONHHAKOBO B PAHYNIAN
TemiaepaTypuniX obJacrax. :

Mexay TeMm NnpoKajHBaeMOCTh CTanH onpejenseTcs
BHIOM H NONIOXEHHEM KpHBHIX Bcelt S-o6pasuoft aua-
IPaMMel, XOTSL NIPH OfIpellesIeNHEIX YCAOBHAX OXJal-
A€HHA MOXCT HMETh OCHOBHOE 3HaueHHe KHHETHKa pac-
najnd B TOfl MJM HHOIT ‘TeMmepatypwoli o6aact.

MNosToMy npeacTamnsnoch, uesecoo6pasuun nay-
UHTh BJIMAHHO [10C/ICAOBATENIBHO BBOAHMBIX. B CTaJb
MaJbx jmob6aBok 6opa,” Bawamis u THTaHa Ha CTPYK-
TYpY REPBHUHON KPHCTAMIH3ALUHH, KHHETHKY H30Tep-
MHUYCCKOTO npeBpauICHitsi ayCTeHHTa o NPOKANHBIe-
MOCTD, ' :

- Onwrapte ctany sumnasastan (cepust JK) wa Toii |
e UIMXTH 4TO. H-cTaJb ¢ RoGasKamu TiTana. [Tocac

OTJIHBKH - NEPBOTO CJHTKA Ged nobGaBok B CTajdh BRO-
auat geppobop - oTMBaM BTOPOIi CJIHTOK; flepe.l
OTJIHBKOSi TpeTbero. CJHTKa BBOMMIM ¢eppoBanaiii
NPH HeH3MCHHOM KOHUEHTpauuu' Sopa, a nepex or-

JHBKON uerBepTOro BBOAMAH (EPPOTHTAH UPH Hel-

MEHHOM ' cofepXanuy G6opa u BaHagus (Ta6J.. 2).
PegyabTaTsl  SKCNEpHMEHTOB MOKAa3aJiH, YTO COB-
' 'MecTHOe @BegeHHe 6opa M BaHaiHA He YCHIHBaeT
sdexTa’ HaMeIbUCHHST NePBHYHON CTPYKTYDPH (370N,

TaGanua 2

XHMuueCKN COCTAD HCCACHOBAMHMX cYaleli € KOMAJEKCHBIME
' RoGapkamu, 9; .

B v ) 1

Mapxu-
posxa
crasnefl

no guu-{no ana-
vesy | nuay

no cun-|no
resy | nuay

0,00
0, 0,05
0,0 0,05

MAKpOCTPyKTypa) no CPaBHEHHIO ¢ . BO3XEACTBHEM
Kax10il 106aBKH B OTAEJLHOCTI; HO BhlAeseHHe dep-
pHTa. npn copmecThHoM piegennn 0,06% V u 0,003% B
OKA3LIBAETCH 5OMEE HHTEHCHBHBIM. : )

Banguue  corMecTHbIX 106aBoK Gopa, saHamus i
THTaHa Ha CBOWCTBA CTaly HCCIEAOBANH MeTodaMi
TEEPAOCTH, MUKPOCTPYKTYPHHIM If  MarHHTOMeTpHYe-
CKIM, - i .

Kouyetitpauun  Gopa 0,003% u sananus 0,05—
0.06% ObLtit B3ATE! B COOTBETCTBIH ¢ PANCETONYEH-
nuiMi pesyastatami’ [1]; npunstag . 9THX ychoBusix
ML OHON N3 TJPeABAPHTEALHLIX IL1ABOK KOHUEHTp:-
uust Titapa 0,1% okasanach HeapdexTHBHOIL,

Ha 'puc. 13, a npuBegeua 3aBHCHMOCTb TBEPLOCTIH
crann cepuu XK or collepxannn 106aBok TpH TeMmne-
pPaType H3OTEPAHHYECKONO pachilla ayCTCHHTa 459” "
Ha puc.. 14 MArHHTOMETPHYECKHe KPHBLIE s STOI XK
tremneparyput ¥, Bpegeune 0,0039 B snaunrensno no-

3 Mnrmn‘ouerpuqecmle Hecacrosali npobeell  KaHZ. TeNlL

iy 0, 1. Makcumonoft.

HH3HJIO CKOPOCTB Pacnana npn 450°; gononmntensioe

e psenenne< 0,056 % V weoxuynanno npuseno x npo-
THBOMOJIOXHOMY pe3yJibTaTy, NOBLICHB CKODOCTb pace

\
'

) ——

-

. fﬂepﬂacmb,‘Rc .
NR&L RR&as B88Y
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§ & g
‘g ., .

Puc. 13, 3anucumocts Toepaoctn cram JK
oT cofepianng Gopa, panamus W’ THTaHA NpH
Pa3JIHVHEIX  TeMNepaTypax H NPONOJLKHTEJNb-
HOCTH H3OTEPMUNECKOrO Npespallenus:
— 4309, 15 ceu.; 6 — 35700, 5 cex.; b ~— 6200, 18 cox.

naza; uakoden BBefexue. 0,035% Ti cHoBa oHIBHO
YMEHBUIHJIO CKOPOCTH TIpEBPALUEHHT, . .

- Mnrensiocts monypacnana aycremnta mnpn - 450°
a1 cramn XK1 cocrasaser nuMwmb 5 cek., mag crain
K2 yxe 16 cex. jy mna craneir K3 u JK4 - coorser-
crseHHo 9 u 23 cex. - | . Lo

Tp rtemneparype pacmaga aycrenura 570° ero
YCTORYHBOCTL NOCJ/IEN0BaTeNbHO NOBBIMAETCH OT CTa-
au XK1 x craau X4 (puc. 13, 6). Ha puc. 13,8 apu-
BejleHa anaJIoOrHYHaa" KpuBasA. JUIA TeMllepaTyphl pac-
nana 620° y wa puc. 15 COOTBETCTBYIOWH® MATHKHTO-
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ayemenuma, %

588483338
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15 20 25 SO
Bpeus, cek.

Honueombo patnaﬂwemov

85 40 45 .50

1, ANICHMOCTL, CKODOCTH ,M30T€PMHUYECKOro pacnaia
stycrennta npit 450° or Maiux jo6asok 60pa, BaHAMMT W TH-y
Tana (cramm cepunt DK, marnuromerpnyecxnfi amamis) -

MeTpiyecKie  KpHane. [JaurensHocTs movtypacnaia
ayctenura npu 620° cocramnser:

H
27 -

K3 K4
g5, 635

Taxum o6pasom nocnénonarumupe_ BBentenne B yr-
JICPOILICTYI0 CTaub Majbix- jgo6asox Gopa (0,003% ),

K2
10

cTanL

BPCME I0/1YPACIAnd, CeK.
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. UMTEILHH® 10GABKH THTaHa ‘(10 0,3%) neficrayior”

B TOM e ManpaBslenHn, Ho. MeHee sddexrisno.

7| . HoGasku turana p npenenax or 0,02 xo 0,1%

SHaUHTEJIHO WOBKWILAIOT YCTORYHBOCTE ayCTeHHTa

- TIPH PAa3NHYHLIX Temneparypax pacnaja; Gotee Boi-

. B. E. Heduapx; H. B.
L '
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e
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Puc. 15, 3asucivocts cko

MariuTomMeTpccknft ananns) .
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Puc, 16. Hpoxunﬁaeuoqrb craneft cepri K

¢ MaammMN noGankamu Gopa, panajn i THTaHa

bananua (0,05—-0,06%) u Tirana (0,03—0,04%) oxa-'
3anoce BecbMa  sddexTHBuLM CNoco6oM NOBbLIIEH s
ycrofluuBocTH” aycrennra TPH’ PASJIHUHLIX TemnepaTy--
pax usorepmuaeckoro pacnapa,
Bneaeuue'.xoudlmnpoaamlux Ro6aBox 3uauKTENbHO

lOBRIIAGT TakKe MpoKaNHBAEMOCTD ctany (puc. 16
wl7)y., . :

3axaouenne

"1: Boenenne i’ crans Ma.n'ux'uommecm THTana (ot

1 0,03—0,04 xo 0,1 %) menser CTPYKTYpY nepBHunOil

Kpucramssanuy cram, npusen’ ycrpausnercs Tpauc-
KPHCTaNNH3auHs 1 YMEHBILAIOTCH pasMeps aycTennT-
HOro 3epHa nmepsHYNOH Kpucrannuzaumy. Bonee -

JIMTEPATYPA

I.LC. IO Bpux, B. E. He fi wapx P. H. 3urww; Cram, .
1946, Mo 11—12, crp. 661—66. ’ o '

2.C. I Bpuk, B. E. He ft Mapg, P. H. duvyy, Craas,-
1947, No 4, crp. 336—40,

3.8B.IL PeneGuon u I A Ye

. B. PKacon, Ypannckan
Meranayprus, 1939, Ne 12, crp. 22—95, . .

POCTIl 130TEPMATECKOro pacnafa- aycrennTa
npy 6200 op Maaux npoSasox -Gopa;manaann w Furana (cTamn cepun DK,

.odulcc'rua HIDKeHepo-MeTaypron (TAIHE), 1944,

—
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Pitc. - 17. anucumgfts paceronmm
N + OT 3gKajaceHioro TOpla 10 soHu ¢ .
TBepRocrsio R¢ = 50 or cosepxka-
. WA no8asok b crammx cepus K (53) . )
COKoe collepixanie THTaHa NPHBOAMT K pe3komy nage-
HHUIO yCTOAYHBOCTH aycrenura, . .
HauGonburag TPOKANHBAGMOCTL CTAJH JOCTHraeTcs
ipu pBerewun 0,09-—0,1% Ti, :
" Takum oo0pasoM mManne no6asky THTana yaywwa- -
10T CTPYKTYpy C/MTKa M NOBHuAIOT NPOK&/IHBAEMOCTD
yriaepomucThiX craneii. : . o )
2. Brenenne. s YIIEPOAHCTYIO CTaJlb COBMECTIHLIX 10-
6asok Gopa- (0,003% ), panagmis (0,05—0,06 %) u Ti-
Taa (003—0,04%) npusomnr x YAY4UleHHIO CTpyK-
TYPBl NepBHYHOj} KPHCTAIIH3aUHY - CIHTKA g 3Havy-
TEJIBHOMY NOBHIUIEHHIO YCTORYRROCTH aycTennTa u npo-
KamitBaeMocTH. BBesenne Taxoii KOMOHHIIPOBAKHOIL
NoGaBKl npumepo § 2 Pasa ciibiiee NOBLINIACT MPO-:

KaJupaeMocTs, veM BBefieHHe 0,003% 'B.

'

)

4. B. C. Moct:i(uu w JL M. Konn Crans, 1946,

No 9—10, crp, 574—83. '

‘5B Kpadre w A Jlamour, T Y AL nMepuKmlcuor_b
P P

58,

Mg

B

PHTHY¢
* nens
BeHapa ¢
xe). O6pa
‘Hell CKOp(
YEHHOM, - ne
HbIM KpHB
noMmouwu ¢
rpagyspos
HOCTH OTR
norpetugoc
T0B.
‘Peaynm
10T, "4T0 I

-

"Baunu

TOYKH BRIC
naiorcsa, ]
JNBHHBIM 11
ci or 54 g

Bausfue
CTaJiH auals

‘Bausuue’

OGpasum
uaToro nep
AepyHBasH

—_—
. PaGora m
neeIeROBANIA

‘ctamn IUX15
- omtcan cocral

Aef;” Homepa:

-~ lieppoft paGor;




